Perhaps the most thoroughly investigated phosphoprotein phosphatase (EC 3.1.3.16) is the one, which is prepared by treating crude tissue fractions with ethanol (Brandt et al. 1974 (Brandt et al. , 1975a . A wide variety of tissues including rat liver (Brandt et al. 1974; Titanji 1977) can yield this phosphatase, which is said to dephosphorylate phosphorylase a (Brandt et al. 1974 (Brandt et al. , 1975a Kobayashi et al. 1975; Khandelwal et al. 1976; Hsiao et al. 1977) , glycogen synthase D (Khandelwal et al. 1976; Killilea et al. 1976 ), phosphohistone (Kobayashi et al. 1975; Khandelwal et al. 1976; Hsiao et al. 1977; Titanji 1977 ) and still other phosphoproteins (Chou et al. 1977; Khoo et al. 1978) . With a molecular weight of 35,000 (Brandt et al. 1975a; Khandelwal et al. 1976 ), the phosphatase has been regarded to be the catalytic subunit of higher molecular weight phosphatase(s) (Brandt et al. 1974 ), but their exact interrelationship is still obscure, since the latter has never been purified sufficiently to investigate its subunit structure. The finding that ethanol treatment stimulates the phosphorylase phosphatase activity of crude phosphatase fractions (Brandt et al. 1974; Kobayashi et al. 1975; Tan and Nuttall 1976; Kikuchi et al. 1977 ) enabled postulation of the lower molecular weight form, which might associate with inhibitor protein(s) to form the higher molecular weight enzyme(s) (Brandt et al. 1974 (Brandt et al. , 1975b . In fact, proteinous inhibitors of phosphorylase phosphatase have been demonstrated in several rat (Huang et al. 1977) , rabbit (Brandt et al. 1975b; Khandelwal and Zinman 1978) and beef tissues (Huang et al. 1977) .
Earlier studies in this laboratory (Kikuchi et al. 1977; Tamura et al. 1978 ), on the other hand, have demonstrated that the phosphoprotein phosphatase of rat liver cytosol is resolved by column chromatography into three fractions, namely, IA, IB and II, whose molecular weights are 69,000, 300,000 and 160,000, respectively, when estimated by gel filtration on Sephadex G-200. They also differ in relative efficiencies towards different phosphoprotein substrates (Kikuchi et al. 1977; Tamura et al. 1978) , and IA and II have been regarded to be glycogen synthase phosphatase and phosphorylase phosphatase, respectively, from the physiological point of view (Kikuchi et al. 1977) .
In the work presented below, we attempted to answer the question of how these high molecular weight phosphoprotein phosphatases (IA, IB and II) are related to the low molecular weight enzyme described above. To achieve this objective, the crude phosphoprotein phosphatase fraction of rat liver cytosol was treated with ethanol before and after DE-52 column chromatography.
MATERIALS AND METHODS
Preparation of phosphoprotein phosphatase fraction.
The crude phosphoprotein phosphatase fraction was prepared by fractionating rat liver cytosol with pH and (NH4)2SO4 as described previously (Kikuchi et al. 1977 ). The final precipitate was suspended in 10 mM glycylglycine (pH 7.4)-5 mM mercaptoethanol -2% (V/V) glycerol, and passed through a desalting column of Sephadex G-25. Phosphoprotein phosphatase II was purified from the above fraction by chromatography on DE-52. After this step, the fraction rich in phosphatase IB was also saved, and it was further chromatographed on aminohexyl Sepharose-4B to purify phosphatase IB. Partially purified IB and II were then dialyzed against 10 mM glycylglycine (pH 7.4) -5 mM mercaptoethanol -2% (V/V) glycerol, and concentrated. Details of the purification procedures were described elsewhere (Tamura et al. 1978 Assay of phosphoprotein phosphatase activities. Glycogen synthase phosphatase and phosphorylase phosphatase activities were assayed by measuring the formation of synthase I from synthase D and the formation of phosphorylase b from phosphorylase a , respectively, and histone phosphatase activity was assayed with 32P-labeled phosphohistone as substrate.
The procedures used were the same as those described previously (Kikuchi et al. 1977; Tamura et al. 1978 ) except that 0.3 M NaCl instead of 0 .1 M was used for histone phosphatase assay. The units of these activities were also defined in the previous reports (Kikuchi et al. 1977; Tamura et al. 1978) .
Chemicals and commercial enzymes. The source of these materials was described elsewhere (Kikuchi et al. 1977; Tamura et al. 1978) .
RESULTS
When the crude phosphoprotein phosphatase fraction of rat liver cytosol was treated with ethanol as described above, alterations which were observed differed markedly depending on substrate. In a typical experiment , the phosphorylase phosphatase activity of the crude phosphatase fraction was increased by 110%, but the synthase phosphatase and histone phosphatase activities were reduced by 53 and 34%, respectively. That ethanol reduces rather than increases the synthase phosphatase activity of rat liver cytosol had already been observed in this laboratory (Kikuchi et al. 1977) as well as by Tan and Nuttall (1976) . Fig. 1 . DE-52 column chromatography of crude phosphoprotein phosphatase fraction before (A) and after (B) ethanol treatment. The fraction from 32 g of fresh rat liver (240 mg of protein in 40 ml) was divided into two equal parts. In A, one part was applied to a DE-52 column (1.5 X 12 cm) previously equilibrated with 10 mM glycyigly cine (pH 7.4) -5 mM mercaptoethanol-2% (V/V) glycerol. The column was then washed with 50 ml of the equilibrating buffer, and a linear gradient made with 100 ml portions of the buffer with and without 0.5 M NaCl was applied. After dialysis against the equilibrating buffer using a continuous-flow counter current dialyzer (Biomed, Model D-I), the eluate was collected in 10-ml fractions at a flow rate of 30 ml/hr, and 0.05, 0.06 and 0.02 ml of each fraction were used for measurements of synthase phosphatase, phosphorylase phosphatase and histone phosphatase activities, respectively. The designation of the major phosphatase fractions (IA, IB and II) was based on the previous data (Kikuchi et al. 1977; Tamura et al. 1978) . In B, the remaining part of the crude phosphatase fraction was treated with ethanol as described in text, and the final product was subjected to DE-52 column chromatography under the same condi tions as those for A. For the designation of the major phosphatase components (IA and III), see text.
markedly by ethanol treatment ( Table 1 ). The treatment also brought about a striking dissociation in the phosphorylase phosphatase and histone phosphatase activities of phosphatase IB, since the latter activity was not increased under these conditions (Table 1) . Thus as shown in Table 1 , the phosphorylase a/ phosphohistone activity ratio of phosphatase IB rose by ethanol treatment to approach to that of phosphatase II. This observation provides another support 
